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The Technical Report Series

The Technical Report Series of the Science Education Center,
University of Iowa, was established by action of the faculty during
1973. The series provides a mechanism for communicating results of
research, developmental projects, and philosophical investigations to
others in Science Education. The reports include details and supporting
information not often included in publications in national journals.

Authors of technical reports include the faculty, advanced grad-
uate students, alumni, and friends of science education at Iowa.
Technical reports are distributed to all major Science Education
Centers in the United States. Reports are also generally available
upon -:equest for the cost of packaging and mailing.

Major programs centered in Science Education at the University of
Iowa ineAude the following: Science Foundations, a core course in
Liberal Arts for undergraduates in education; a special concentration
in science for elementary education majors; an undergraduate and a
graduate sequence in the history and philosophy of science; a general
science major in Liberal Arts, including five emphases for secondary
science teaching (biology, chemistry, earth science, environmental studies,
and physis); Iowa-UPSTEP, a model six year sequence for preparing new
science teachers at the secondary level; undergraduate and graduate
programs in environmental studies; Iowa-ASSIST, a statewide curriculum
implementation program for in-service teachers; SSTP, a summer and
academic year program series for highly interested and motivated
secondary school students; self-instruction materials, including computer-
based programs.

Major research thrusts at Iowa not reflected in the listing of
special programs include: Piagetian Developmental Psychology, Classroom
Interaction Studies, Teacher Skills and Attitudinal Studies, Effects of
Individual Differences on Learning Science, Philosophical Studies, and
Simulation Methods.

Information concerning the Technical Report Series can be received
by contacting the Science Education Librarian, Room 470, Science Education
Center, University of Iowa, Iowa City, Iowa 52242. Lists of dissertation
and thesis reports are available. Also, Field Service Reports, Special
Iowa-ASSIST Reports, Special Reports concerning SEC Progress, reports of
faculty research, and material describing the various facets of the
programs at Iowa are available from the same source.

Since the primary function of the Technical Report Series is commun-
ication, comments from you and other consumers of the series are solicited.

Robert E. Yager, Coordinator
Science Education Center
University of Iowa
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Preface

In July of 1978, a small group of science educators attending an
international conference in Israel were discussing the state of Science
Education in America. It was agreed that such discussions should be
expanded to include persons representing graduate programs nationally.
During the fall of 1978 contacts were made and a series of written
exchanges occurred which included contacts from the twenty-eight major
programs for science education. A meeting of the group was planned
the spring of 1979 at the time of the annual meeting of the National
Association for Research in Science Teaching. The meeting included
a single contact person from each of twenty-eight graduate programs
as well as ex officio persons representing the National Science
Foundation, the National Science Teachers Association, and the American
Association for the Advancement of Science, and four year colleges
with active science education programs.

Prior to the March 1979 meeting the National Science Foundation
awarded a small contract to assess more carefully the status of science
education in graduate centers. This contract provided an opportunity
for a Steering Committee to form and to meet to accomplish a variety
of tasks including preparation of: 1) initial drafts of this paper,
2) outlines for publications arising from the study, 3) questionnaires
for a more complete assessment of science education nationally,
4) plans for presentationsconcerning the current crisis iv science
education at a variety of professional meetings, and 5) proposals for
next-step actions.

The Steering Committee first met in May of 1979 for preparing an
initial draft. It was circulated and rewritten before the first
"public" draft was circulated to all who participated in the open forum
in Atlanta. The paper was rewritten during the fall of 1979 with input
from the science education community and the National Science Found-.
ation. This paper then is an attempt at understanding the current
crisis in science education at the beginning of the 1980 decade with
major input from many active researchers in science education. It will
be distributed widely to all contributing authors and to leaders of
such professional groups, as the National Association for Research in
Science Teaching, the Association for the Education of Teachers in
Science, the National Science Teachers Association, the National
Science Supervisors Association, School Science and Mathematics Assoc-
iation,the National Association of Biology Teachers, and the American
Association of Physics Teachers. It is meant to supplement the NSF
status study of graduate level science education which is being pre-
pared as the final draft of this paper is released. During the next
year the contributing authors expect this paper and the NSF status
study to be used for discussion, debate, and planning. Hopefully the
results represe. are but a first step in developing a new rationale
for our discipl.,t and for solving many of the current problems which
surround us.

Robert E. Yager



1. REAPPRAISING SCIENCE EDUCATION

1.1 Introduction James Joseph Gallagher
Marjorie H. Gardner
Robert E. Yager

A series of events of the 1970's have created concern among science

educators. The number of state science supervisors declined dramatically.

City and county systems cut back severely on science supervisory per-

sonnel. Neither Stanford nor Harvard Universities replaced their

eminent science educators when they retired. New York University let

its science and mathematics doctoral program lie in limbo when its

Director moved to Washington to lead the National Science Foundation

Science Education Directorate. The Department of Science Education at

Florida State University was abolished as such and many of the major

curriculum development efforts were curtailed. The University of

Maryland Science Teaching Center faculty declined from 12 to 7 members.

These are just a few examples that demonstrate that a crisis is brewing

as science education strength declines in public and private systems.

There is an urgency to the problem that confronts our discipline.

Indeed, the description of the situation as one of crisis is accurate.

However, it is important to remember that crisis also means a turning

point. Actions can be taken to ameliorate the problem. Or, lack of

action can result in further deterioration of our discipline. This

paper is written with the belief that greater understanding of our

problems - perhaps the reasons for them can assist with revitalization

of our discipline and our profession.
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This reappraisal was begun by concerned science educators from

institutions with major research centers, who are responsible for the

preparation of significant numbers of science teachers and for doctoral

programs which produce ninety-five percent of the new researchers and

teacher educators. Science educators from major professional societies

including the National Science Teachers Association, the National

Association for Research in Science Teaching, the Association for the

Education of Teachers in Science and the American Association for the

Advancement of Science also participated. It is significant to note the

unanimous view on the part of representatives of the twenty-eight science

education programs and the professional societies that serious problems

exist in science education. All were prompt in responding to the

surveys, anxious to participate in an open forum, and willing to offer

critiques and suggestions during the year-long effort this analysis has

required.

1.2 Overview of Report

The frame of reference for the report and the organizational scheme

for the separate sections is based on the following assumptions.

Science education is the discipline concerned with the interface between

science and society. In one sense, it provides the interacting link

between the two. Science is represented by the various disciplines

and includes the associated technologies. Society includes schools,

teachers, students and the social interaction of all people. Changes

in the interaction among science, technology, society, and education

should result in new purposes for science education.

7e)
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The report begins with an assessment of tha current status of

science education based on three separate surveys seeking to:

1) provide current information about the nature and activities of

the science education programs at twenty-eight major universities;

2) identify perceptions of problems facing science education by some

of its practitioners; and

3) collect suggestions from a sample of science educators for solving

some of the current professional problems.

In addition, an open forum with representatives from the twenty-eight

science education programs was held, recorded, and analyzed. Further,

all major reports, studies, and analyses concerning science education

as a profession published in the last four years were studied and

synthesized. These sources and procedures resulted in the assessment

of the current status reported in Part 2 of this report.

The third phase of this report is an analysis of the current

crisis from a philosophical perspective. It arises from a prospective

synthesis of current literature in science education and related dis-

ciplines, the analyses reported in Part Two, and the open forum. Such

a perspective provides a context and a framework for analysis and

reflection for ameliorating the crisis.

The fourth part of the report deals with future steps. It focuses

on new directions and needed actions in both policy and research. The

recommendations are proposed as a result of other recent attempts to

change. The recommendations can be viewed as present day indicators

for science education as a discipline.
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1.3 Other Disciplines in Crisis

Although there has been great interest, support, and involvement

on the part of the science education community, it is important to note

that science education is not the only discipline in crisis as we enter

the decade of the 1980's. To be sure, there is a confusion about the

place and status of science education among the scholarly disciplines,

but the problem is not unique to science education. The public is also

questioning science, technology, economics, psychiatry, medicine, law

and other specialities. All are being pressured to reestablish their

legitimacy. At this point, some are responding with more fervor and

more action than has the science education community.

All disciplines are being called upon to rethink their frameworks

and the fabrics which comprise them. Society demands change because

of social conditions; the disciplines themselves change providing still

further and/or complementary demands. Such dynamics and such imper-

atives provide another major frame of reference for this report. The

new decade is an appropriate time to ask continuing questions. What

purposes are served by education in the sciences? What direction

should guide those who teach science to youth and adults? How might

science education be more responsive to current social conditions

and current scientific thought?

1



2 ASSESSING THE CURRENT STATUS OF SCIENCE EDUCATION

2.1 Rationale for Status Surveys

5

David P. Butts
Rodger W. Bybee
James Joseph Gallagher
Robert E. ger

Assessing the current status of science education is an essential

and preliminary activity before new directions can be ) . f, ad and

mechanisms developed for moving in such directions. ;:" too little is

known about the fielj, what is happening across the nation , what

science educators are doing, how they think, and what new directions

they perceive as desirable. For this report, the literature of the

past five years has been surveyed. Demographic information that was

collected five years ago as a part of the study conducted ancillary to

the 1974 Guidelines for the Doctorate in Science Education (Butts, 1977)

was available. The questions were: What changes have occurred during

this five year period? What is the typical science education staff

like? What are the perceptions of cur/Tit problems in the field by

active science educators? What do they see as desiral'.e and feasible

solutions to the problems? Such information was sought as the data

base for the current study.

During the past year the U.S. Government Printing Office has re-

leased the results of three majot studies of the status of science

education in the schools of the nation (Helgeson, Blosser and Howe,

1978; Stake and Easley, 1978; Weiss, 1978). These studies represent

major contributions to our understanding of the current status of

science education at the elementary and secondary levels. However,

these studies did not consider science education in terms of

15
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university departments and research efforts, nor did they analyze its

unique features as a scholarly discipline.

Other studies have been conducted during the past few months which

have synthesized information from the NSF status studies concerning

school science, mathematics, and social science. Several professional

groups have responded to invitations from the National Science Foundation

for preparation of analyses of the status reports of science education

for their respective organizations. These include the American

Association for the Advancement of Science, American Association of

School Administrators, Association for Supervision and Curriculum

Development, National Science Teachers Association, National Congress

of Parents and Teachers, National Council for the Social Studies,

National Council for Teachers of Mathematics, National School Boards

Association and National Research Council.

Two comprehensive synthesis studies also have received major NSF

funding. These were Project Synthesis, (Harms, 1977) and the NCTM

PRISM Project (Osborne, 1978). These studies provide significant in-

formation for this analysis/discussion, especially in the areas per-

taining to the status of professional science education in K-12 schools.

One aim of this paper is to provide another focus for viewing the

status of science education in the United States. It does this by

studying and reporting the problems perceived by experienced university

level science educators from institutions geographically distributed

across the United States. Further, the science educators are employed

at the twenty-eight major institutions for research and training in

6
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science education as a discipline as identified by Butts in 1974

(Butts, 1977).

2.2 Characteristics of Advanced Graduate Science Education Today

A student's experience in science is enriched by a well prepared

teacher who has a thorough academic foundation and an equally clear

understanding of what schools are expected to do for students and how

science fits each society's expectations. Teachers are recognized as

the major factor in influencing students' experiences with science.

How teachers function in this role is the product of their academic

preparation and of their continuing professional development. But

what do we know about this development? In examining the academic

and continuing professional development of teachers, two sources of

data were tapped -- the context in which science education leaders are

developed and the philosophical perspective of the faculty involved

with preparing science education leaders. The science education

leadership in this country is largely the product of the major grad-

uate programs either directly through production of faculty for

research centers or indirectly through preparation of the science

education faculty for two and four year institutions.

To generate a current picture of the context in which science

educators are prepared a questionnaire was devised and circulated to

contacts from the twenty-eight universities mentioned earlier. The

sample was expanded to include a small number of universities with

Master's programs as the highest degree (see Appendices A and B for

listing). The twenty-eight programs and institutions collectively are

17



responsible for the preparation of nearly all the doctoral students and

a significant number of the K-12 teachers. These institutional con-

tacts were asked to locate needed information, to confer with other

members of their respective units, and to consider some of the issues

raised. (Appendix C includes the complete listing of science educators

who are employed at the institutions involved in the assessment). A

telephone interview was arranged to secure the information, thereby

insuring clarity in terms of questions and responses as well as to

assure a hundred percent response.

The information sought included names, teaching assignments, and

research interests for staff. Data concerning student enrollment at

all levels for 1974 and 1979 was requested including information per-

taining to minorities, male-female ratios, and background education and

experience. Other information concerning degree requirements, structure

of programs, and changes during the past few years was requested as

well. The institutional representatives were asked to comment upon

differences in needs and functions of graduate programs in 1979 in

comparison of 974 and 1970.

Tables One, Two, and Three illustrate how the findings of these

interviews reflect what now is the context for science education

leadership. In Table One, the focus is on institutional resources..

The institutional resources which influence the program of professional

development ATI :..4.lience education are faculty, support for graduate

assistants, and organizational location of the program In Table Two,

the characteristics of the graduate programs illustrate the diversity
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of programs that carry a common title. Graduate degrees in science

education have tremedous variability in their requirements for

preparation in a teaching field, in their pedagogy, and in their

research. In Table Three, the current enrollments in graduate programs

and the numbers who have graduated from undergraduate programs are

summarized.

Based on the telephone survey (Butts and Yager, 1979) a typical

science education program involved in the production of doctoral

graduates in science education would have five faculty Members., two

with special interest in science teaching at the elementary/middle

school level and three faculty members with interest in science teaching

at the secondary level. These faculty members would be active in

teaching in a small undergraduate program (eight elementary/middle

school major., and twenty-one secondary science teaching majors) and a

larger graduate program (thirty-nine masters students, five sixth year

graduate students, and sixteen doctoral students). The research focus

of the faculty would probably be of a professional/applied nature

(teacher education or curriculum development) rather than in more basic

areas (cognitive development). The faculty would most likely be an

informal group within a department of curriculum studies. Decisions

concerning directions of the science education program and control of

its development would thus be the responsibility shared with colleagues

who are not science educators.

In this context of preparation of doctoral graduates in science

education, one in twelve students is from a non U.S. background, one

19



TABLE I

Instructional and Research Faculty/Staff
in Science Education for 1979

in University Departments, Centers, or Programs

Number Mean S.D. Range
Number of
Institutions

Faculty 183 5 2.8 1-11 38

Staff

Graduate Assistants
(Institutions) 81 3.2 3.3 1-16 25

Graduate Assistants
(Grants) 36 2.4 1.3 1-5 15

Organization 35

Department 7

Center 5

Program 16

*Informal Scheme 10

10



TABLE II

Courses Required for Graduate Degrees in Science Education, 1979

Program Average Range S.D.

Master's Degree (N=37)

Semester Hours Total

Quarter Hours Total

(30-38)

(45-60)

--Required in Science 46% (0-100%) 21.7

--Required in Science Education 27% (0-53%) 12.5

--Required in History/Sociology/

Philosophy of Science 13% (0-16%) 3.1

--Electives in Education or

Science 14% (0-41%) 11.8

Doctoral Degree (N=33)

Minimum Semester Hours Total (68-102)

Minimum Quarter Hours Total (90-170)

--Required in Science 41% (0-52%) 12.2

--Required in Science Education 24% (0-44%) 10.6

--Required in Research Skills 14% (7-27%) 5.8

--Required in History/Sociology/

Philosophy of Science 8% (0.16%) 4.3

--Electives in Education or

Science 13% (0.19%) 6.2

21
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TABLE III

Students Enrolled in Science Education Programs in Major Institutions, 1979

Number of
Students Mean S.D. Range

Number of
Institutior

Graduate Degrees Enrollment

Doctoral 566 12.6 12.3 1-50 35

EDD 218 12.8 14.6 1-50 17

PHD 348 12.4 10.9 1-45 28

Specialists 67 4.8 5.7 1-21 14

Master's (MA, MEd, MS) 1110 20.2 22.2 1-100 55

--With Certification 366 14.6 19.4 1-84 25

--Without Certifi-
cation 744 24.8 23.6 1-100 30

Undergraduate Seniors*

Elementary/Middle 161 8.5 8.6 0-35 19

Secondary 784 21.2 13.5 0.53 37

* Number graduating in 1979

22
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in three is a woman, and one in eight is from a racial minority. As

they enter the graduate program, one in ten will have had elementary

teaching experience, seven in ten will have secondary teaching exper-

ience, one in fifteen will have had college teaching experience, and

about one in ten will have had supervisory experience or experience

in health related fields.

For a masters degree the graduate programs consist of about 45

quarter hours (30 semester). Of this 38% will be courses in the

teaching field and 25% in the teaching of science. At the doctoral

level, a total of 130 quarter hours (100 semester) including master's

work would reflect 38% in the teaching field, 25% in the teaching of

science, and 13% in required research and statistics skills; the

remainder would be in relevant electives.

2.2.1 Societal Attitudes

Changes in these centers for the development of science education

leadership during the past few years reflect changing influences of

both schools and society. Unfortunately the communciation among

faculty and other staff members may neither be as effective nor as

frequent as was desired by persons involved with the surveys. Con-

sequently, the results of the survey are sketchy and, in some cases,

inferential.

Many science education faculty members are becoming involved with

general education. Many are active in such enterprises as environmental

studies, community awareness activities, adult education, and the

energy crisis. Some are developing new materials and new teaching

23
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strategies which meet current social demands. Some are intimately

involved with the specific role and importance of science including

career preparation for special populations, namely minorities, females,

and the handicapped.

The course offerings, the research, and the service activities

which characterize the largest centers of science education have changed.

Science and society courses/research, involvement in health-related

fields, activity in energy/environmental programs, involvement with the

sociology of science, an awareness of crises in other disciplines and

in society generally, and efforts to provide science for all citizens

(including women, minorities, and the handicapped) are apparent

concerns. They represent new directions in science education.

2.2.2 Rationale for Science Education

In a time of crisis, people are more willing to join in seeking

solutions and new directions. In contracting science educators by

questionnaires, in person, and by telephone general concern for the

current crisis was expressed as well as willingness to become involved

with corrective actions. Many reported major attempts at program

restructuring, new activities, new ideas, and/or new philosophical

statements. Most recognized the current time as one of crisis, and

they realized the need for a common focus and leadership.

Where change is welcomed, programs seem to be more vigorous. New

programs and activities tend to generate support and enthusiasm. Un-

fortunately, however, program activities and research productivity

have diminished. As indicated initially, programs at major institutions
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that were active five and ten years ago have been abandoned or seriously

cut. Nonetheless, based upon other correspondences with representatives

from the twenty-eight largest institutions, science educators have

demonstrated a willingness and a desire to be involved with efforts to

ameliorate the current crisis.

2.2.3 Teacher Education

Since teacher education is a major teaching, service, and research

commitment of the faculty at the twenty-eight centers, much information

was gained from the telephone interviews concerning this aspect of

program activity. The information presented here is qualitative but is

included because of the directions and problems it suggests. The

population of prospective science educators is declining. This includes

both undergraduate and graduate enrollments. This reduction is caused

by influences such as decline in overall college enrollment, more

rigorous entrance and selection criteria, less family mobility caused

by the tight economy and job market, and reduction of available financial

support for graduate education. Teaching salaries in the secondary

school (after five to ten years of experience) are significantly greater

than those for beginning college faculty. This makes doctoral study

aimed toward production of more college faculty less attractive. The

reduced size of teacher education programs and graduate programs in

science education is reflected also in a reduction of education faculty

in colleges and universities. Such reductions force college faculty to

broaden their instructional responsibilities and may explain a greater

emphasis on practical and applied research. Such research has more
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immediate payoff than the basic research that is both more philosophical

and longer term in its usefulness. It also reflects broader teaching

and service activities.

Another influence on some teacher education programs is a shift

in their position or priority in the college of university system. For

a wide range of reasons control of science teacher preparation programs

has steadily been moving from science education per se to other

administrative units which have less commitment to science teaching

per se, i.e., departments of curriculum and instruction. Policy and

budget decisions thus tend to reflect priorities and pressures more

general than science education.

When specific new activities/projects are tried at given instit-

utions programs seem to be attracting more students and new research

and teaching approaches are in evidence. This expansion also is seen

in those programs which emphasize preparation for a broader range of

professional goals than classroom teaching or conventional university

science teacher education. This diversification of programs includes

creative explorations of exciting and evergrowing technologies for

instruction as well as materials and approaches for providing exper-

iences in science for special populations or informal education (e.g.

museums, television, etc.).

2.2.4 School Programs

The K-12 schools are vastly different in the late 1970's when

compared with the decade of the 60's. Science is no longer an area

of study associated with national needs. Science is not a popular
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subject; nor is it consiCered a basic in the way mathematics and reading

are. School enrollments have declined and students are not enrolling

in science as a necessary prerequisite for college. The result is a

reversal in terms of the prestigious place once occupied by the science

faculty and the science department in schools.

The decline in support for new curriculum projects and for

in-service teacher preparation has resulted in a return to old course

outlines and old teaching approaches. The NSF status studies suggest

that school progams in science can be described in a single word -

textbooks.

The present population of science teachers is older; many teachers

have completed all the staff development activities that the school

system will reward. Many who tried one of the new programs of the

60's are returning to traditional textbooks which also signal a decline

in the use of the laboratory or the field. Few are calling for new

approaches to school science while relatively few new and younger

teachers are entering the profession. However, there is a concern for

special education programs and for others which have been prescribed

at national and/or state levels.

Summary. The survey of the major centers of science education

revealed many problems for science education for the 80's. Among them

are a decline in faculty members, doctoral students, support for

graduate students, and general influence in schools through pre,. and

In-service teacher education. Schools are changing with respect to

curricula, teaching approaches, and staff development needs. Science
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education programs are becoming more precise as to course requirements

while they are becoming less autonomous within the university structure.

2.3 Problems as Perceived by Science Educators

As mentioned previously a mail survey of twenty-eight science

educators at universities in the United States was conducted to collect

information regarding perceptions of problem within the discipline.

The science educators surveyed were associated with universities where

most of the research is conducted and most of the doctrates are produced.

Each science educator was asked co prepare a short description of his/

her perception of the current problems in science education in the

United States. Later the same participants were provided with all

other science educators( responses; they were then asked to write a

statement regarding possible solutions to the problems.

The participants presented their statements of problems and sol-

utions in an open-ended narrative format. Each response was approx-

imately one page in length. These responses were analyzed according

to an emergent set of categories through an iterative process. The

results of the survey on perceived problems are presented in Table IV

and are discussed below. The results of the survey of proposed sol,-

utions to these problems have been included in Part IV of this report

dealing with recommended actions for the future of our discipline..

Results of the two surveys have been expanded into separate reports

which have been published separately (Gallagher and Yager, 1980a;

Gallagher and Yager, 1980b; Renner and Yager, 1980).



TABLE IV

I.

RESPONSE OF 28 SCIENCE EDUCATORS REGARDING
PROBLEMS FACING SCIENCE EDUCATION TODAY

Societal Attitudes toward Science

19

A. General anti-science tenor of society 11

II. Rationale for Science Education
A. Uncertainity about goals and objectives of science education 15

B. Lack of leadership of science education 8

C. Lack of theoretical base to guide theory and practice 6

III. Teacher Education in Science
A. Poor quality science education programs 5

B. Lack of interactions between researchers and practitioners 4

C. Lack of valid inservice programs 4

D. Failure to help teachers understand the nature of science 3

E. Limited contact between university and precollege faculty

z

3

IV. School Programs in Science
4

A. Declining enrollments in science courses. 12

B. Poor teaching and counseling in science and mathematics 5

C. Lack of science programs for all students 4

D. Programs and movements that exclude science education 4

E. Changes in number, average age and quality of staff 4

F. Lack of achievements in science 3

G. Unionism and governmental control 2

V. Budgets for Science Education
A. Diminishing budgetary reserves 9

B. Job shortages university science educators 5

C. Limited support for doctoral students 2

D. Program cutback 2

E. Federal budgeting schedule 1
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Five major categories and twenty-one sub-categories were identified

to organize the participants' statements of current problems facing

science education as shown in Table IV. In Category 1, a societal

attitude that constitutes a serious problem stated by eleven science

educators was the perceived anti-science tenor in our present day society.

Problems related to the rationale for science education were

frequently mentioned by the respondents. A professional identity crisis

manifested itself in the numerous comments regarding the lack of a

theoretical framework to guide research and practice in science educ-

ation. Further concerns not1:16 that there was uncertainity about the

nature of the goals and objectives of science education and that the

leadership in the profession was not providing adequate direction.

Teacher Education in science came under strong criticism as well.

Poor quality of programs was a general comment made by five respondents.

A more specific comment concerned our failure to help teachers compre-

hend the nature of science as part of their preparation. Two commun-

ication gaps were identified also: first, between university faculty

and pre-college teachers and, second, between educational researchers

and practitioners. Another problem area was the lack of inservice

programs that addressed the professional growth needs of science

teachers, including new curriculum models and experiences

for special populations.

Problems Related to School Programs

cited. Declining enrollments in science

with science

in Science were most frequently

courses, declining achieve-

ments of students, insufficiency of programs to satisfy the range of
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student abilities, and programs that exclude science from the curriculum

are some of the problems included in this category. Other problems

of science programs included inept teachers, poor counseling, increasing

average teacher age, reassignment of teachers to subjects outside their

area of expertise, unionism, governmental control, and the shortage

of science teachers.

Limitations on Budgets for Science Education were also mentioned

as a problem for science education. A diminishing resource base, fewer

needs for new faculty at the university level, limited support for

doctoral students, program cutbacks, and the federal budgeting schedule

were all identified as concerns.

Summary. It is apparent from Table IV that science educators in

the twenty-eight centers have identified two kinds of problems of

their profession for the 1980's. One kind of problem is on a philo-

sophical level. It includes concern for the societal demands and

expectations as well as lack of clarity regarding goals and objectives.

These can also be seen in concerns for lack of leadership and a

theoretical base. The other major kind of problem identified is that

concerned with administrative matters including quality and organization

of teacher education, declining enrollments, and inadequate finances.

There seems to be some agreement that the philosophical problems were

the more serious; in some ways the administrative problems were caused

by failure to resolve some of the philosophical dilemmas.

2.4 Open Forum of Science Educators

The same group of twenty-eight science educators were invited to
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an open disucssion held during the Annual Meeting of the National

Association for Research in Science Teaching in Atlanta, Georgia, on

March 22, 1979. The purpose of the meeting was to discuss the problems

facing science education today and to consider probable actions and

possible solutions in a face-to-face setting.

The theme dominating the discussion of problems was the relation-

ship between science education and society. Specific problems such as

the need for new aims and goals, the need for leadership, the need for

greater recognition of social problems, the need for an identity, and

the need for financial support were all closely related to science

education and its relationships to the larger society within which it

is embedded. The disparity between the goals of science education

(reflected in current science teaching practice) and the needs of

society were represented clearly in statements such as:

"The most important problems facing mankind are not being considered

at all in our schools," (Willard Jacobson)

"Society is extremely concerned about science. Society is extremely

involved with science. The only problem is it doesn't happen to

be the science we practice as 'a profession." (Herbert D. Thier)

"They are not buying the science we teach." (Jane Butler Kahle)

Summary. If the connection between society and science education

were stronger, if we had a greater sense of our social purpose, then

problems such as leadership, funding, and professional identity would

be ameliorated,
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2.5 Related Studies

In other studies involving people from most of the same centers)

science educators have identified research priorities which provide

additional evidence that the problems described earlier are indeed

common to the profession (Helgeson, 1978; Yager, 1978; Butts, et al.,

1978; Okey and Yeany, 1978). For example, two of the priorities

listed in the top ten were aligned with: 1) definition and validation

of goals for science instruction; and, 2) identification and develop-

ment of teacher education strategies.

Major sections of the priorities paper (Yager, 1978) developed for

the National Institute of Education included a definition of the unique

features of science education and a delineation of a domain for the

field as well as recommendations for needed research. Major discussions

and debate were held at the 1977 annual meeting of the National

Association for Research in Science Teaching concerning the definitions,

the distinctions, and the priorities proposed. The priorities paper

remains as a major attempt to develop a rationale and a definition of

science education as a discipline.

A national survey of "Science Education Small and Large Institutions:

"Problems and Solutions" (McKenna, et al., 1979b) identified some of

the same problems in science education as those discussed earlier, i.e.

financial limitations, declining enrollments, and decreasing interest

in science education programs. In another study the same investigators

reported on a survey of problems and solutions in post-secondary science

education (McKenna, et al., 1979a). Since these studies included
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science educators from both large and small institutions, the in-

formation is generalizable to several hundred more institutions and

science educators. The results confirmed, in large measure, the

problems cited earlier by the science educators from the twenty-eight

largest science education centers.

Section Q of American Association for the Advancement of Science

recently has prepared a statement for the AAAS Board of Directors

which deals with "Perspectives in Science Education". This paper

reflects contemporary concerns an0 identifies some needed actions

which were used as an additional source of information for the new

directions discussed in Part 4. (Watson, et al., 1979).

As we search for solutions to our problems in science education,

some are looking to learning paradigms such as those of Ausubel and

Piaget for a focus and for meaning (Novak, 1979; Marek and Renner,

1979). Others are rethirking the very nature of science education

and offering new definitions and perspectives (Thier, 1971; Berkheimer

and McCleod, 1979). These studies and these searches for a rallying

point are again indicative of our current crisis. Synthesis of these

efforts represent still inputs to the proposed new directions (Part 5).

Other works have attempted to review the history of science

education to understand better the meaning of our present circumstances

(Bybee, 1979a; Bybee, 1.979b). Attempts to understand some of the

recent reports of the National Assessment of Education Programs have

implications for science education, especially as they pertain to the

science, society, and the science education interface (Bybee, et al.
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1979) and to the unique problems and perspectives of women and min-

orities in science and science education (Kahle, 1979), These con-

siderations and analyses, a well as those previously mentioned, suggest

the crisis condition, the need for corrective actions, and specific

new .directions.

Evidence was found also in other national studies indicating both

a general crisis in science education and confirming many of the

specific problems in the current discussions. One interpretation of

the .ew evidence in the three National Science Foundations surveys of

the c:atus of science education (Helgeson, Blosser, and Bowe, 1977;

Stake and Easley, 1978; Weiss, 1978) is that science education is in

a period of transition and reevaluation. The fact that the studies

were Joliet is an indication of the questioning and concern in science

education. Another survey of both elementary and secondary science

teachers in Michigan (Gallagher and Berkheimer, 1979) found that

"confusion or uncertainty in goals and objectives", "limited budgets,"

and ':imited time for science teaching" were top ranked problems.

Summary. The evidence suggests that the problems are pervasive

'roughout science education. Professors from doctoral granting

institutions and classroom science teachers are feeling pressures and

problems amounting to crisis. While each may have different pressures

and problems, there is little doubt that the accumulated response of

those in science education amounts to a statement of crisis.

2.6 An Interpretive Framework

The problem areas reported by science educators have been con-
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ceptualized, reported, and discussed within a specific frame of ref

erence. This conceptualization of science education is an important

assumption for the analysis of the present status and future direction

of science education.

One of the important factors contributing to the problems in

science education is the increasing disparity between the goals of

science education and the present condition of science, society, and

educational theory. This theme was certainly verified by the written

and verbal comments of science educators. The diverse problems that

were identified all seem to be symptoms of a larger problem, namely

the increasing distance between the current goals of science education

(as described by current practice) and the current needs of society.

This problem requires a redirection of science education in order to

produce a coherent response to the many problems.

At this point there is general agreement that the current problems

in the discipline clearly suggest the need to change our aims and goals.

The need to change is based on the many identified problems. In total,

these problems are all indications that the old aims and goals no longer

include the changes required of us. Unfortunately, we tend to

identify the elements of science education that must subsequently be

changed, i.e., teacher education, curriculum, degree programs; or some

clearly identifiable referent of the interaction between science ed

ucation and society, i.e., finances. While these changes are necessary,

we must first define a clear direction for change which is a function

3G
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of our history, our philosophy, and, very importantly, our relation-

ship to society. Once we have identified such directions, our next

task is to develop policies for research and practice in science

education that will enhance the movement of the profession in these

new directions.

3"
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3. A DISCIPLINE IN CRISIS: A NORMATIVE RATIONALE

3.1 Frames of Reference Paul DeHart Hurd

Because the educational, societal, technological, scientific,

economic, and cultural events of the 1970's and the early 1980's are

not simple extensions of corresponding conditions of the 1960's., the

result is confusion and mistrust in the public mind about what is

worthwhile. Science education has not escaped challenges to its

legitimacy as a discipline and as a vital part of the school program.

A reconceptualization of science education rests upon establishing

the validity of its rationale and tenents in terms of the following:

. new concepts of the scientific enterprise resulting from the

socialization of scientific research;

. shifts in science and culture resolting from the impact of

science on social process and the developing science/technology/

society paradigm, including a normative analysis of science

and social indicators;

. perspectives on scientific enlightenment as science/technology

influence the popular culture;

. new views on the nature and conditions of education for a

changing society including alternative futures for science

education;

new knowledge related to the teaching and learning processes;

theoretical advances in these fields;

. synthesis and a normative/theoretical analysis of research

influencing science teaching including studies of intellectual
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and social development, educational policy and goals, curriculum

organization and instruction practices.

There is an acute need to study especially the mismatch between the

discipline of science education and the present conditions of science,

society, and educational theory. To date research in science education

has not focused on this area of study.

3.2 The Need for a New Rationale

Much of the present crisis in science teaching results from a

neglect of professional responsibilities. Little attention has been

given to maintaining the health of our profession. Over the past

quarter of a century science educators have pursued a laissez-faire

attitude toward science teaching. Guiding forces have typically come

from government agencies, research scientists, and professional

scientific societies. There has been a modicum of rethinking, re-

defining, and much tinkering but little conscious activity to make

professional scholarship (theory and research) reflect the changes

taking place in science and society that influence educational practice.

These accomplishments have little value for they are atheoretical and

ahistorical. For this reason our ethical position has been dimmed.

Consequently we cannot identify what we stand for as a profession, nor

the direction we wish to move. We cannot make convincing responses to

our critics. We, therefore, suffer an identity crisis and our pro-

fessional worthiness is questioned. Medvitz and Watson recently dis-

cussed and analyzed this crisis as they studied the influence of pro-

fessional associations in science education (Medvitz and Watson, 1978).
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as a di zipiine. Fundamental to this process is the establishing of a

normative rationale (conceptual framework) of science teaching. The

goal of 'a rationale is the achievement or order, coherence, and inter-

pretation beyond that of mere appearance and common sense.

The issue of a normative rationale is that judgments can be made

regarding progress and directions. Without a rationale, professional

actions are random, unfocused, and lack conviction. In the absence of

a normative position it is difficult to test hypotheses, or to syn-

thesize and interpret the results of investigations, or to determine

the validity of educational research and practice, or to identify

significant patterns.

The need for a serious study of a rationale and goals of science

teaching is long standing. More recently reports of both the NARST-

NIE Commission on Research in Science Education (Yager, 1978) and the

NARST Cooperative Study (Butts, et al., 1978) reaffirmed this need.

The results of the surveys previously reported in Part Two sub-

stantiate the disarray and lack of coherence in the goal structure and

normative basis of science teaching.

3.3 Developing a Rationale for Science Education

The development of a normative position provides a means for

examining the status of science education, determining its ethical

obligations, and ordering priorities. -John Dewey's comment on

educational stresses generated by social changes and their implications
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for a rationale are relevant: (Dewey, 1938)

"All social movements involve conflicts which are reflected
intellectually in controversies. It would not be a sign of
health if such an important social interest as education were
not also an arena of struggles, practical and theoretical.
But for theory, at least for the theory that forms a philosophy
of education, the practical conflicts, only set a problem.
It is the business of an intelligent theory of education to
ascertain the causes for the conflicts that exist and then,
instead of taking one side or the other, to indicate a plan
of operations proceeding from a level deeper and more inclusive
than is represented by the practices and ideas of the
contending parties."

"From a level deeper and more inclusive than is represented by the

practices and ideas of the contending parties", as stated by Dewey,

implies appropriate study and scholarship. Establishing a defensible

rationale for science teaching is in itself a process of research.

However, most of the philosophical discourse and modes of rationalism

in science education have typically been entirely matters of debate

rather than a consideration of conceptual notions derived from

normative/theoretical analyses and logic. The determination of broad

goals has been more an event than a process of philosophical study

followed by cultural validation. Therefore, policies and issues have

been hopelessly enmeshed in conflicts of interest, divergent pressures,

biases,.and competing value judgments. Goals are argued; they are not

products of research, nor are canons for their validity established.

3.4 A Normative Base Leading to a Rationale

The AAAS Council in Houston, January, 1979, voted a new division

titled Normative Science: Faith and Values. The NSF has for several

years supported studies on Ethics and Values in Science and Technology
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(EVIST). These and.other programs on science/society interaction

provide a means for identifying changing goals and issues in science

education and for establishing changing goals and issues in science

education and for establishing ethical priorities. What is basically

encompassed in these programs is a recognition of a philosophical

position regarding the place of science in society and the demand it

makes for an education in the sciences.

Science education is a young discipline. In the fifty-year period

of its existence, some progress has been made in establishing its unique

position among the disciplines of either science or education. Its

research methodologies have been adapted from and largely restricted

to 19th Century concepts of science methodology useful for information

gathering but providing limited insight into the deep human behaviors

resulting from educational experiences. Whatever potential this

accumulated information in science education may have is largely lost

because of the lack of synthesis and interpretation. The absence of

conceptual frameworks restrict the possibility that a creative

synthesis will soon take place.

SoMe recent efforts to develop a synthesis of science education

research include a meta-analysis technique. While meta-analysis is

useful for more profoundly determining the extent of a relationship,

it falls short of full promise, that of generating neT hypotheses or

a rationale for science education.



A current practice is to consider research in the context of a

paradigm, a device used by Thomas Kuhn to identify the "structure of

scientific revolutions" notably in the physical sciences. Paradigms

are used in science education

vations or measurements. But

is diminished for the lack of
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research to generate data from obser-

at this point the usefulness of paradigms

a rationale to give meaning to the data.

H. Tristram Engelhardt, professor or philosophy, Georgetown University,

describes the paradigm-rationale relation in the following way:

"If one cannot supply a paradigm of paradigms, a set of trans-
cendental conditions, one may have numerous limited areas of
intersubjective agreement, but no common integrated reality."
(Engelhardt, 1978)

Karl Popper's notion of a "theory of theories" is also relevant to this

point.

This is the problem in science education; we have no story of

stories and we therefore lack a universal agrument to sustain con-

sensus on problems and issues. Without this consensus, expressed as

a unifying theme, we cannot respond to our critics except at the level

of triviality devoid of relevance. The problems and issues of science

education will not be solved simply by more money, smaller classes,

more doctoral candidates with bigger stipends, or other measures that

simply represent extending common practices within an unspecified

conceptual framework.

3.5 Limitations of Research in Science Education

The characteristic practice in science education research has been

a constant effort to add new data to old problems in contrast to

seeking new methods of dealing with old problems or perceiving new
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One reason new problems are not recongized is a lack of

historical perspective within the discipline. A second is the lack of

any philosophical orientation. A third is the omission of the socio-

logical and psychological dimensions of our discipline, and finally,

a fourth is the absence of a normative rationale for science education;

thus there is no way to identify next steps. James P. Shaver, writing

in the Educational Researcher (January, 1979) states the issues this way:

"...education research frequently fails as science because
graduate training for educators all too often familiarizes
them with methodology without immersing them in the philo-
sophical underpinning, the basic orientation of science."

Dissertations are more a demonstration of skill in research techniques

than a commitment to a significant problem.

To get insightful research on persistent problems of science

teaching and to enlist new methodologies for doing so, it has become

increasingly necessary for funding agencies to go outside the domain

of science education. Perhaps this is the way it should be; a sizeable

fraction of people who identify themselves as science educators are

more concerned with applying educational research than doing it.

Approximately a third of professional science educators have indicated

they have never published more than one study and imply they do not

expect to do more. They view their career as one of service (preparing

student teachers, consulting in schools, conducting in-service programs)

rather than of research contributing to the advancement of a professional

discipline. For this reason they see normative/theoretical research,

philosophy, and history of science education as lacking practical value.
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The search for meaning and-understanding in the teaching of science

as it relates to a science/technology culture is of little concern in

their professional lives. While only a third of science educators ad-

mit to this position, another third default their professional respon-

sibilities in this direction. This situation in science teaching is

more the crisis than are matters of money, enrollments, and teacher

placement. What is to be the perspective of science education as a

field of scholarship? What is its position in the life of the

university?

3.6 Science Education as a Discipline

A characteristic of any discipline is the range of its domain,

illustrated by the character of the literature it draws upon. Typi-

cally there is a unique body of philosophical (theoretical) and

research literature that distinguishes one discipline from another.

In addition, there is the literature of closely aligned and sometimes

overlapping fields of knowledge that serve to enrich insight and

stimulate new research within the central discipline. Edward 0.

Wilson speaks of the relationship between disciplines in terms of

discipline and antidisciplines. (1977).

"By today's standards a broad scholar can be defined as one
who is a student of three subjects: his discipline, the
lower antidiscipline, and the subject to which his speciality
stands as antidiscipline."

A well-rounded science educator for example (to paraphrase Wilson) is

deeply involved in the curriculum and practice of science teaching.

He/she also understands the changing nature of the scientific enter-

prise, conditions of learning and instruction, and accepts the
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challenge to generate more valid and effective patterns of science

teaching. Thus a science educator is required to know aspects of the

history, philosophy, and sociology of science, to be acquainted with

conditions of learning and cultural change, and to be able to synthe-

size this knowledge to advance education in the sciences.

These conditions tend to function at complementary levels of

generalization (scientific enlightenment) and specialization (biology,

chemistry, or physics teaching).

Seldom does one find citations to or recognition given to the

"anti-sciences" when research problems in science education are re-

ported.. This has caused many scholars to look elsewhere for a rationale

to give meaning to problems and issues in science education, for example

to the sociology of science for goals and the context of curriculum,

to bioethics for value perspectives, and to research scientists for

the subject matter of science curriculums.

Of necessity modern scholarship, especially in educational fields,

must rest upon interdisciplinary efforts, research networks, syntheses,

and the interpenetration of knowledge and methodologies. The emergence

of ethnographic methods of studying problems of science teaching is

illustrative. Ethnographic techniques as Stephen Wilson points out

(1977) are useful because they tap two important "hypotheses" about

human behavior. One, the "naturalistic--ecological" perspective,

regards human behavior as fundamentally influenced by the setting in

which it occurs. This means that laboratory findings are not

sufficient for generalizations about teaching and learning processes;
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the subjects' thoughts, feelings, and actions (S. Wilson, 1977).

Whether we accept or reject these hypotheses does not matter, but

science educators must be more aware and definitive about the range of

disciplines and research methodologies that represent the domain of

science education.

3.7 The Ecology of Research in Science Teaching

Researchers in science education need a flexible, holistic

methodology that allows them to describe the interaction of various

configurations of goals, agents, resources, practices and events

through which knowledge is acquired and utilized. This methodology

should allow the researcher to perceive systematic relationships with-

out forcing them in an overly simplistic fashion. Whatever the method

utilized, it will be ineffective and meaningless without a normative

rationale about science teaching to provide a basis on which to make

inferences. It appears we have about reached the end, from the stand-

point of productivity, of the natural-history phase of science

education research. This phase is primarily concerned with information
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gathering, with fact accumulation, with correlation studies, and with

over-reliance on statistics as methods. The justification of a

research effort ought to rest as much on the worthiness of the problem

as on the elegance of the technique. Quantification, a notion from

19th century science, has become a prejudice in science education

research, not a principle of research. Quantification has the property

to facilitate testing, but it all too often distorts the real world of

relationship that makes research meaningful.

3.8 The Decline in University Supported Research

There is movement toward relocating educational research from

universities to research centers or institutes, corporations, foundations,

consortiums or research networks that may have only loose ties with

universities. The reasons for this movement are:

. to work with mature, dedicated researchers (senior researchers)

rather than to depend so much on the novice (a first effort by

a doctoral student) for significant research;

. to have a more favorable environment for interdisciplinary

research (university-based research is by tradition dis-

ciplinary);

. to get greater stability of management and staff for longitudinal

studies;

. to better bridge the gap between theory and practice under real-

world conditions (university-based research tends to over-

emphasize contrived situations).

Something of the nature of this movement was described by Edward E.
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David, Jr. in his AAAS presidential address (1979) commenting on the

present range of industrial research in major companies:

"Studies of educational methods and techniques are being
carried out in many corporate laboratories. Both con-
tinuing and remedial education are included, as are know-
ledge and skills. There are a number of behavioral lab-
oratories in industry, and a good deal of research on
subjects in experimental psychology; for example, in visual
and auditory perception and in motor skills."

3.9 What Are the Obligations of Science Education as a

Discipline?

The major questions that tied to be resolved in science education

are:

. explicitly, what is its intellectual or scholarly context?

. what are its moral and ethical obligations to education

in general?

There is also a need to evaluate the research that has been

accumulated in science education to determine:

. what has been learned that is meaningful and useful in the

real-world of science teaching?

. who is making use of what has been learned from the research

in science education?

The crisis in science education lies in the pressures to

establish the legitimacy of the discipline and to provide evidence

of the worthiness and usefulness of the research produced.
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An education for living in an age of science and technology as

exemplified in the United States today and for the foreseeable

future is a central goal of science teaching. The problems of energy

production and use, the environmental degradation, the world food

problem, and the environmental impact on health are but a few of the

many problems we must resolve. Science/technology as a cultural

force has an impact on a wide range of our economic, social, and

political policies and decisions. This impact is both positive and

negative. Clear recognition must be given to the role of science and

technology in the resolution of the numerous science and technological

related social problems of our age. This is a clear imperative for

science education for the 1980's.

Within the past decade a combination of interacting scientific

and technological social and cultural forces has emerged suggesting

that new directions for the teaching of science are necessary. The

scientific and social conditions which gave rise to the science

curricula of the 1960's have changed and diminished the appropriateness

of these programs for the teaching of science in the 1980's. The

scientific community and science educators recognize the need to

examine the current interactions among science, technology, and society

and to project the implications of these interactions for the teaching

of science in the decades to come (Bybee, et al., 1979).

so
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Within the past years, the NSF status studies of K-12 science, the

NARST/NIE priorities study, and the AAAS Section Q report as well as

specific suggestions for solving our discipline problems from the

contacts at the twenty-eight graduate centers for science education

have been available for review and analysis. A review of all of these

sources with emphasis upon the suggestions of the twenty-eight science

educators provides a focus for positive actions to be considered at

the earliest possible time. The recommendations are listed as a set

of needed policy statements followed by a listing of the research

needed in order to implement or alter the policy.

4.2 Policy and Research Recommendations

The recommendations which follow utilize the organization used

previously in assessing the current status of science education and

developing a philosophical perspective. They represent an attempt

at synthesizing needed directions for science education as a discipline

during the challenging decade of the 80's.

4.2.1 Societal

Policy

. Public education in the sciences is a responsibility of science

educators, i.e. persons whose discipline deals with the study of

the interface between science and society.

. Science education includes more than science teaching in schools.

. The teaching of science should be oriented toward the resolution

of scientific, technological, and social problems.
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A rationale for science r1ucat5on should reflect the nature of

science, the nature 51" society/culture, the expectations of education,

the needs of human beings, and the way people learn.

Research

. There is a need to clarify the relationships among science, society,

the rest of education and science education.

. There is a need to identify and validate the traits, skills, and

attitudes of scientific and of technological literacy.

. The development of systems for synthesizing and interpreting research

findings in science education for use by practioners (teachers and

administrators) and for the general public is needed.

. A systematic and scholarly examination of science and social

Indicators to determine their implications for science teaching

is needed.

. Research should be expanded to consider the ecology of science

teaching.

. Specific information is needed concerning the role and importance of

science for special populations, including females, minorities, and

the handicapped.

. Research is needed on the present understanding and needs of science

teachers related to science-related social problems.

. Research is needed on the use of non-school experiences for supporting

school programs; i.e., museums, zoos, nature centers, television.
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4.2.2 Rationale for Science Education

Policy

. Science education should be guided by a normative rationale and by

associated research paradigms,

. Opportunities should be sought for carrying on interdisciplinary

research projects with investigators in other social sciences.

. Further efforts are needed to establish cooperative research.programs

by individuals and among research centers.

. A major effort for research in science education should be to

.establish its usefulness for improving science teaching
%,

. Researchers engaged in carrying out dissertations or investigations

should develop and report a synthesis of research findings relevant

to the topic under study.

Research

. The rationale and goals of science education should be determined by

a process of normative/theoretical research.

. A continuing system for identifying research needs in science

education and for the development of promising methodologies for

carrying out such research is needed.

. A systematic process for examining the research in cognate fields

that may be useful in science teaching such as investigations on

brain development, memory, artificial intelligence, and the sociology

of science should be developed.

. Research on the psychology and sociology of science education is also

needed.
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. A systematic. plan for the synthesis and interpretation of existing

research on science education should be developed and followed.

. The development and testing of communication systems on research

needs and the dissemination of research results on science education

are needed.

. There is a need for research in the history and philosophy of science

education since these areas form the background for a rationale and

they are with few exceptions, not available in the science education

literature.

. Research on structure of scientific knowledge is needed.

4.2.3 Teacher Education

Policy

. Teacher education programs should include experience with inter-

preting and utilizing educational. research.

. An important feature of pre-service and in-service teacher education

programs is a normative rationale for the teaching of science in a

scientific/technological society.

. A continuing program of in-service education is a professional

responsibility of all science teachers. A variety of in-service

programs is essential to assure the professional growth of teachers.

. Efforts should be made to tie research more closely to teaching

practices.

. Teacher education programs should emphasize the need for special

attention to science for all with emphasis upon its importance and

role for special populations (minorities, females, handicapped).
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Research

. Studies are needed to deterr ne the match between teacher education

programs and the goals and objectives that guide teaching and

learning practices. This study should examine the subject matter

of both science and education courses.

. Studies should be conducted on the role and use of textbooks by

science teachers.

. Studies are needed to determine how persons educated for science

teaching may fit into other fields of employment such as allied

health fields, environmental programs, energy use/policy, and

museums.

4.2.4 School Programs

Policy

. The teaching of science in schools should have a focus on personal

and societal problems and issues.

. The science curriculum should provide real-life situations for

students to deal with value, ethical, and moral issues that are

science based and conspicuous in our society/culture.

. A primary function of in-service education is to provide for a

continuous program of curriculum improvement that reflects changing

conditions in science, society, and educational research.

. The basic skills of communication essential for all students is a

responsibility shared by science teachers.

. Teachers of science have a responsibility to provide students with

opportunities to learn about careers in science and technology.
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Research

. Basic subject matter for the science curriculum for various levels of

school organization should be identified and validated.

. The intellectual skills required for rational decision making in a

scientific/social context should be identified and validated and

strategies for helping students acquire them should be investigated.

. Students focused on developing values and ethics as they relate to

scientific/technological, and social problems and issues are needed.

4.2.5 Supporting Conditions

Policy

. Encourage and strengthen the position of science coordinator in

schools.

. Funding must be adequate to sustain research in science teaching and

to provide for its implementation in school settings.

. A closer tie between school and nliversity faculties is imperative.

. Require the assignment of qualified teachers to science classrooms.

Research

. The development of research methodologies that involve teachers as

associates in research on science teaching should be strengthened.

4.3 Beyond the Crisis

There is no easy solution to the current problems in science

education. To be sure an important step is the recognition of a crisis

--its causes, its magnitude, its complexities, its seriousness, its

meaning. Such recognition and such understanding can do much in moving

the profession beyond the current situation.
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In order to take advantage of the opportunity afforded by the

crisis, we need to propose, to debate, and to use definitions of the

domain for science education; such definitions should not be voted upon,

agreed upon, or compromised. The definitions should be derived from

our history and the contemporary situation in science, society, and

education. They can, nonetheless, provide intellectual and scholarly

contexts for actions within our field. We need to analyze, synthesize

and, finally, utilize what we know about science teaching. This needs

to be separated from the dogma which so often engulfs and governs what

we do. We need to capitalize upon our successes with meeting past

crises; since each age brings new challenges and new problems, we must

look upon the current crisis as opportunity.

At this time of crisis in science education we need to show un-

common ability in viewing the common problems. First, we need to step

above our own personal orientations, projects, and problems and focus

on the generalized needs of science education. Science educators must

be aware of the philosophy, history, and sociology of science; be

acquainted with cultural and societal forces which cause changes;

be knowledgeable of the conditions which promote the findings of new

knowledge; be able to utilize such knowledges for the advancement of

the profession. Further, science educators need to discuss rationales,

to identify new goals, to plan for the next vital steps for our dis-

cipline. We need massive response and action to a major crisis.
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We selected the title "Crisis in Science Education" because it

accurately characterizes our situation. There is indeed an urgency to

the problems confronting our discipline. By every report, factual and

intuitive, we are at another historical turning point. If nothing

is done, if no changes are made, the field of science education no

doubt will suffer further deterioration. However, there is the

possibility of going beyond the crisis to a period of restoration in

science education. This is our challenge for the future.
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APPENDIX A

REPRESENTATIVES FROM INSTITUTIONS WITH MAJOR RESEARCH CENTERS AND DOCTORAL PROGRAMS

Andersen, Hans 0.
Professor

Anderson, Ronald D.
Professor

Bartholomew, Rolland B.
Associate Professor

Butts, David P.
Chairman and Professor

Chiappetta, Eugene L.
Associate Professor

Evans, Thomas P.
Chairman

Fowler, H. Seymour
Chairman and Professor

Gallagher, James Joseph
Director and Professor

Gardner, Marjorie H.
7rofccsor

Howe, Ann C.
Associate Professor

Howe, Robert W.
Director and Professor

Humphreys, Donald W.
Associate Professor

Hurd, Paul DeHart
Professor Emeritus

P3

Indiana University
School ofEduceaft.
Bloomington, IN 47405

University of Colorado

School of Education
Boulder, CO 80309

University of Texas at Austin
Science Education Center
Austin, TX 78712

University of Georgia
Room 212, Aderbold Hall
Athens, GA 30602

University of Houston
Central Campus
Houston, TX 77004

Oregon State University
Weniger Hall 251
Corvallis, OR 97331

Pennsylvania State University
165 Chambers Building
University Park, PA 16802

Michigan State University
McDonel Hall
East Lansing, MI 48824

University of 'Maryland
Department of Chemistry
College Park, MD 20742

Syracuse University
101 Hercy 81dg.

Syracuse, NY 13210

Ohio State University
Room 310, 1200 Chambers Rd.
Columbus, OH 43212

Temple University
347 Ritter Hall
Philadelphia, PA 19122

Stanford University
549 Hilbar Lane
Palo Alto, CA 94303



Jacobson, Willard J.
Professor

Kahle, Jane Butler
Associate Professor

Koran, John J., Jr.
Professor
Chairman

LaShier, William S.
Professor

Matthews, Charles C.
Professor

Morgan, Ashley G.
Professor

Novak, Joseph D.
Professor

Pella, Milton O.
Professor

Renner, John W.
Professor

Thier, Herbert D.
Associate Director

Thompson, Ertle
Professor

54

Teachers College
Columbia University

Education Building
New York, NY 10027

Purdue University
Chemistry Building
West Lafayette, IN 47907

University of Florida
Normal Hall 353
Gainesville, FL 32611

University of. Kansas
Bailey Hall
Lawrence, KS 66045

Florida State University
431 Education Building
Tallahassee, FL 32306

Georgia State University
University Plaza
Atlanta, GA 30303

Cornell University
Stone Hall
Ithaca, NY 14853

University of Wisconsin
Teacher Education Building
Madison, WI 53706

The University of Oklahoma
College of Education
Norman, OK 730 69

University of California
Lawrence Hall of Science
Berkeley, CA 94702

University of Virginia
Curry Memorial School of Educat:
Charlottsville, VA 22903



Trowbridge, Leslie W.
Chairman and Professor

Voss, Burton E.
Professor

Watson, Fletcher
Professor and Director

Yager, Robert E.
Coordinator and Professor
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University of Northern Colorado
343 Ross Hall of Science
Greeley, CO 80639

University of Michigan
East & South University
Ann Arbor, MI 48104

New York University

52 Press Building
New York, NY 10003

The University of Iowa
450 Physics Building
Iowa City, IA 52242

OTHERS INVOLVED
Ex Officio Task Force Members

Livermore, Arthur H. American Association for the AdvancementHead of Office of Science of Science
Education

1776 Massachusetts Ave., NW
Washington, D.C. 20037

Rutherford, F. James
Assistant Director

Silber, Robert L.
L..ecutive Director

Bybee, Rodger
Small College. Representative

Associate Professor of Education

National Science Foundation
1800 G. Street, NW
Washington, D.C. 20550

National Science Teachers Association
1742 Connecticut Aye., NW
Washington, D.C. 20009

Carleton College
Northfield, MN 55057
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ADDED INSTITUTIONS & REPRESENTATIVES FOR THE TELEPHONE'INTERVIEWS

Name

Abegg, Gerald

Anderson, Norman D.

Atwood, Ronald K.

Balzano, Betsy

Boeck, Clarence H.

Doran, Rodney L.

Horn, Jerry G.

Hounshell, Paul B.

Lawson, Anton E.

McCurdy, Donald

Mallon, Elizabeth

Olstad, Roger G.

Sagness, Richard L.

Institution

Boston University

North Carolina State
University

University of Kentucky

State University of
New York

University of Minnesota

State Univeristy of
New York

Kansas State University

University of North
Carolina

Arizona State University

University of Nebraska

State University of .

New York

University of Washington

Address

Science and Mathematics
Boston, MA 02215

Raleigh
NC 27607

126 Taylor Building
Lexington, KY 40506

Brockport
NY 14420

Minneapolis
MN 55455

Buffalo
NY 14260

College of Education
Manhattan, KS 55406

Chapel Hill
NC 27514

Department of Physics
Tempe, AZ 85281

Secondary Education
Lincoln, NB 68588

Biology Teacher Prep. Pro
Stony Brook, NY 11790

College of Education
Seattle, WA 98195

University of South Dakota Education Research & Sery
Vermillion, SD 57069
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TOTAL LIST OF SCIENCE EDUCATORS INVOLVED WITH SURVEYS

American Association for the Advancement of Science
Arthur H. Livermore

Arizona State University
Anton E. Lawson
Theodore Munch
Ernest Snyder
William Tillery

.Boston University
Gerald Abegg
Marion Harris
Paul Marino

Corlett:i College

Rodger W. Bybee

Columbia University
Willard J. Jacobson

Cornell University
Joseph D. Novak

Florida State University
Lehman Barnes
Ernest Burkman
George Dawson
Ronald Good
Charles C. Matthews
David Redfield
Dorothy Schlitt
William Snyder

Georgia State University
Ted Colton
Louis Gardner
Mildred-Graham
Jack Hassard
Edward C. Lucy
Ashley G. Morgan
Sydney P. Smith, Jr.
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Indiana University
Hans 0. Andersen
Dorothy L. Gable
Albert W. Strickland
James Weigand

Kansas State University
Jerry G. Horn
Robert James
Harry MeArnarney

Michigan State University
Glenn D. Berkheimer
Nettie Jean Enochs
James Joseph Gallagher
Martin Hetherington
Richard J. McLeod
Carl J. Naegele
Edward t. Smith
David F. Treagust

National Science Foundation
F. James Rutherford

New York University
James V. Connor

Judith S. Klein
F. James Rutherford
Fletcher G. Watson

North Carolina State University
Norman D. Anderson
Ronald Simpson
Herbert Speece

Ohio State University
Patricia Blosser
Roger Cunningham
John F. Disinger
Rosanne W. Fortner
Stanley L. Helgeson
Robert W. Howe
Marlin L. Languis
Victor J. Mayer
Barbara S. Thomson c)
Arthur L. White u
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Oregon State University
Gene Craven
Thomas P. Evans
Fred W. Fox
Karl J. Nice

Pennsylvania State University
Paul E. Bell
H. Symour Fowler
Robert L. Shrigley.
Joseph Zafforoni

Purdue University
Alfred DeVito
3. Dudley Herron
Harold Jaus
Jane Butler Kahle
Gerald Krockover
Van Neie
Floyd Nordland
Samuel Postlethwait

Stanford University
Paul DeHart Hurd

State University of New York Brockport
Betsy Baliano

Walter Brautigen
C. Samuel Cunish.

State University of New York - Buffalo
Rodney L. Doran
Ronald J. Raven

State University of New York - Stony Brook
Elizabeth J. Mallon
Kenneth D. Laser

Syracuse University
Alfred T. Collette
Marvin Druger
Ann C. Howe
Larry E. Schafer

Temple University
Donald W. Hymphreys
Bruce Matthews
Joseph S. SchumUckier
Frank S. Sutman
Eugene Udell
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University of California
Lawrence F. Lowery
John D. Miller
Herbert D. Thier

University of Colorado
Harold M. Anderson
Ronald D. Anderson
James R. Wailes

University of Florida
Thomas Gadsden, Jr.
.John J. Koran, Jr.
Mary Budd Rowe

University of Georgia
David P. Butts
William Capie
James Okey
Michael Padilla
Kenneth S. Ricker
Joseph Riley
John Shrum
Joy P. Williams

Russell Yeany
William R. Zeitler

University of Houston

Jacob W. Blankenship
Eugene L. Chiappetta
Howard Jones
Martha Piper

University of Iowa
George W. Cossman
Classie G. Hoyle
Vincent N. Lunetta
John E. Penick
Darrell G. Phillips
Edward L. Pizzini
Daniel S. Sheldon
Doris A. Simonis
James A. Shymansk-i
John T. Wilson
Robert E. Yager
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University of Kansas
William S. LaShier
Walter Smith

University of Kentucky
Ronald K. Atwood
J. Truman Stevens

University of Maryland
George Eley
Marjorie H. Gardner
Henry Heikkinen
John W. Layman
J. David Lockard
Robert William Ridky
Jack H. Wheatley
David Lee Williams
Emmett L. Wright

University of Michigan
Carl F. Berger
Burton E. Voss

University of Minnesota
Eugene D. Gennaro
Patricia A..._Heller

Alan H. Humphreys
Roger T. Johnson

University of Nebraska
James Kelley
Donald McCurdy
William Sims
Mary Williams

University of North Carolina
Richard Brice
Paul B. Hounshell

University of Northern Colorado
George L. Crockett
Janet M. Davies
Jay K. Hackett
Kenneth V. Olson
Leslie W. Trowbridge
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University of Oklahoma
John W. Renner

University of South Dakota
Ari.en Gullickson
Paul Otto
William Sweeters

University of Texas - Austin
Rolland B. Bartholomew
James P. Barufaldi
Lowell J. Bethel
Frank E. Crawley
John P. Huntsberger
Addison E. Lee
Earl J. Montague

University of Virginia
Ertle Thompson

University of Washington
Arnold Arons
I. Deyrup-Olsen
Roger G. Olstad

John Smith

University of Wisconsin
Fred N. Findley
Milton 0. Pella
James H. Stewart


